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(54) Hernia repair prosthesis and methods for making same 



(57) A hernia repair prosthesis with an occlusive 
member for inserting into and/or backing the herniated 
tissue. The occlusive member is convertible from a first 
configuration with a first axial length and first major ra- 
dial extent to a second configuration with a second axial 
length and a second major radial extent. The second 
axial length is less than the first axial length and the sec- 
ond major radial extent is larger than the first major ra- 
dial extent. The occlusive member has a pair of subsec- 
tions, each having an apex, lands and pleats and each 
flaring outwardly therefrom towards a terminal end. The 
apexes are disposed at opposite ends of the occlusive 
member with the terminal ends overlapping. The pair of 
subsections are conjoined proximate the overlapping 
terminal ends. The terminal end of one or both of the 
subsections may be in the form of a conic flange mim- 
icking the lands and pleats of the other subsection pro- 
viding automatic alignment and nesting to aid in the at- 
tachment of the two subsections. In accordance with 
methods for forming the subsections, a surgical fabric 
is thermoset on a male die and may be stretched or heat 
shrunk to aid in conforming the surgical fabric to the con- 
tours of the male die. The subsections may be joined by 
ultrasound. 
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Description 

Field of the Invention 

[0001 ] The present invention relates to an implantable 
hernia repair prosthesis for reinforcing and repairing 
damaged tissue or muscle walls and methods for mak- 
ing same. 

Background of the Invention 

[0002] Various prosthetic mesh materials have been 
proposed to reinforce the abdominal wall and to close 
abdominal wall defects utilizing different repair prosthe- 
ses and methods of installation. The methods of execut- 
ing a surgical repair can be segregated into two main 
approaches. The repair can be made exclusively from 
the anterior side (closest to the surgeon) of the defect 
by dissecting the sac free of the fascia and pressing it 
back into the pre-peritoneal space and providing perma- 
nent closure of the defect. The closure can be provided 
through the application of space filling prostheses and 
overlay patches (tension-free techniques) or can be ac- 
complished through the use of sutures (tension tech- 
niques). 

[0003] An example of a tension free anterior repair is 
to fold a sheet of surgical mesh fabric into a multi-layer 
cone configuration and then to insert the mesh plug into 
a hernia defect to occlude the void. Such a multi-layer 
prosthesis is inherently stiff, may not fully conform to 
variations in the contour of the defect, and is subject to 
shrinkage that potentially could lead to recurrent herni- 
ation. The stiff, multi-layered mesh plug also may be 
susceptible to kinking and buckling during placement. 
[0004] U.S. Patent number 5,356,432, discloses an 
implantable prosthesis that is a conical plug formed of 
a knitted polypropylene monofilament mesh fabric. Lon- 
gitudinal pleats are hot molded into the mesh body to 
enhance the flexibility of the conical implant, ideally al- 
lowing the implant to closely match the contour of the 
herniated opening when compressed within the defect. 
When the device is installed into a fascial defect, the tip 
of the conical shaped plug presses into and against the 
visceral sac, potentially enabling long-term erosion of 
the peritoneum and underlying viscera. The device, in 
one embodiment, has filler material incorporated into 
the interior of the formed mesh cone in an attempt to 
minimize contraction of the device during healing. As 
collagen scar tissue grows into the prosthetic material, 
the cross linking of the maturing collagen fibers causes 
the scar tissue (and encapsulated plug device) to con- 
tract. This contraction of scar tissue within the defect 
and plug causes the surrounding diseased tissue to be 
subjected to tension , thus enabling re-occurrence of the 
hernia along the edge of the conical plug. The use of the 
device requires the passage of a pre-expanded plug 
through the hernia defect and relies upon the radial ex- 
pansion force of the single layer mesh cone and filler 
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leaves to occlude the defect. Additionally, since the plug 
is secured in position by anchoring to the surrounding 
diseased tissue, the device may dislodge and migrate 
within the pre-peritoneal space. 
5 [0005] Alternatively, a defect may be repaired through 
the use of posterior approaches that provide various 
prosthetic devices in the pre-peritoneal space to prevent 
the peritoneum from entering the fascial defect. These 
devices, in some cases, require the use of laparoscopic 
10 techniques and, in other cases, require the application 
of the prosthesis from a remote location under the defect 
to be repaired. Examples of posterior approaches are 
disclosed in United States Patent Nos. 5,116,357, 
5,254,133 and 5,91 6,225. However, in many cases, pro- 
fs cedures utilizing such devices are complicated, in addi- 
tion to requiring the use of general anesthesia and costly 
disposable instrumentation to support the laparoscopic 
surgery. 

[0006] Accordingly, the prior art lacks an implantable 
20 hernia repair prosthesis for occluding and repairing 
damaged muscle and tissue wall ruptures, that is adapt- 
able to irregularities in the shape of the defect, is simple 
to install, does not require the use of general anesthesia 
during installation and resists radial collapse due to tis- 
25 sue incorporation. 

Summary of the Invention 

[0007] The limitations of prior art hernia prostheses 
30 are overcome by the present invention which includes 
a hernia repair prosthesis having an occlusive member 
for aiding in the occlusion of a defect in fascia tissue. 
The occlusive member is convertible from a first config- 
uration with a first axial length and a first major radial 
35 extent to a second configuration with a second axial 
length and a second major radial extent. The second 
axial length is less than the first axial length and the sec- 
ond major radial extent is larger than the first major ra- 
dial extent. The occlusive member has a pair of subsec- 
40 tions, each having an apex and each flaring outwardly 
therefrom towards a terminal end. The apexes are dis- 
posed at opposite ends of the occlusive member with 
the terminal ends overlapping. The pair of subsections 
are conjoined proximate the overlapping terminal ends. 
45 [0008] In accordance with a method for forming the 
subsections, a surgical fabric is thermoset on a male die 
and may be stretched or heat shrunk to aid in conform- 
ing the surgical fabric to the contours of the male die. 



[0009] For a better understanding of the present in- 
vention, reference is made to the following detailed de- 
scription of various exemplary embodiments considered 
55 in conjunction with the accompanying drawings, in 
which: 

Figure 1 is a perspective view of a prosthesis ac- 
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cording to the present invention prior to assembly 

of all of its component parts; 

Figure 2 is a perspective view of the assembled 

prosthesis depicted in Figure 1; 

Figure 3 is a schematic view of the prosthesis de- s 

picted in Figure 2 when positioned within a defect 

in the fascia; 

Figure 4 is a schematic view of the prosthesis de- 
picted in Figure 3 after deployment, i.e. radial ex- 
pansion, within the defect; 10 
Figure 5 is a schematic view of a die for making 
pleated conical elements of the prosthesis of Fig- 
ures 1-4; 

Figure 6 is a perspective view of a prosthesis in ac- 
cordance with a second embodiment of the present is 
invention; 

Figure 7 is an exploded view of the prosthesis de- 
picted in Figure 5; 

Figure 8 is a schematic view of a die for making 
pleated conical elements of the prosthesis of Fig- 20 
ures 6 and 7; 

Figure 9 is a perspective view of a forming station 
for forming a prosthesis in accordance with the 
present invention, e.g., as shown in Figures 6 and 7; 
Figure 10 is a perspective view of a prosthesis in 25 
accordance with a third embodiment of the present 
invention; 

Figure 1 1 is a perspective view of a prosthesis in 
accordance with a fourth embodiment of the 
present invention; and 30 
Figure 12 is a schematic view of the prosthesis of 
Figure 11 within a fascia defect. 

Detailed Description of the Invention 

35 

[0010] The present invention provides implantable 
prostheses for reinforcing and repairing weakened ab- 
dominal walls and methods for making such prostheses. 
The prostheses are formed of a biologically compatible, 
flexible and porous medical textile suitable for reinforc- *o 
ing tissue and occluding tissue defects. The implantable 
prostheses are indicated particularly for the repair of 
hernias in the abdominal cavity, including inguinal (di- 
rect and indirect), femoral, incisional and recurrent, and 
provide at least a partial posterior repair. The prostheses 45 
are able to be inserted easily in a stress-free condition 
into a fascia defect from an anterior approach and are 
capable of expanding radially, at least partially into the 
pre-peritoneal space, to substantially occlude and con- 
form to the fascia wall of a fascia defect. Alternatively, so 
a posterior approach may be used, if the surgeon pre- 
fers. The prostheses are suitable for the repair of varying 
sizes and shapes of hernias and can be anchored to the 
surrounding healthy tissue to prevent migration, thus ex- 
tending beyond the edge of the defect on the anterior ss 
side of the defect. Other features of the present inven- 
tion will become apparent from the following detailed de- 
scription when taken in connection with the accompa- 
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nying drawings that disclose multiple embodiments of 
the invention. The drawings are for the purpose of illus- 
tration only and are not intended as a definition of the 
limits of the invention. 

[0011] The prostheses of the present invention com- 
prise a hollow, radially-expandable member for place- 
ment within and occlusion of a fascia defect. By radially- 
expandable, it is meant that the cross sectional area of 
the member expands from an initial, non-expanded con- 
figuration having an initial cross sectional area, sized 
such that the member may be placed within a fascia de- 
fect in a stress-free condition, to a final, expanded con- 
figuration having a final cross sectional area greater 
than the initial cross sectional area and effective to oc- 
clude all of, or at least a substantial portion of, the fascia 
defect. This member can be manufactured out of bio- 
compatible absorbable or non-absorbable surgical 
mesh material. 

[001 2] An exploded view of a prosthesis of the present 
invention is illustrated in Figure 1. Prosthesis 10 com- 
prises radially-expandable member 12, having first and 
second conical members 14a, 14b. Each conical mem- 
ber 14a, 14b has longitudinal pleats 16 terminating at 
apex 1 8 and base 20 of each conical member 1 4a, 1 4b, 
respectively. The number and spacial relationship of 
longitudinal pleats 16 are effective to enhance the axial 
rigidity of the prosthesis 1 0 while being placed within the 
defect. Preferably, the pleats 16 are thermoformed into 
the mesh body of each conical member 14a, 14b. Con- 
ical member 14b has a flange portion 19 that facilitates 
the relative alignment and attachment of conical mem- 
bers 14a, 14b, as more fully described below in refer- 
ence to FIGS. 6 and 7. Looped suture 22, with a non- 
reversing knot 24, is passed through opposing conical 
members, 1 4a, 1 4b. Overlay sheet 26, e.g., formed from 
polypropylene surgical mesh, is fixedly attached to apex 
18 of one of opposing conical members 14a, 14b 
through the use of looped suture 22. Overlay sheet 26 
is utilized to attach and secure the prosthesis to the sur- 
rounding healthy tissue. Optionally, prosthesis 10 may 
comprise one or more tubular structures 28, e.g., made 
from polypropylene surgical mesh and contained within 
cavity 30 within conical members 14a, 14b. Tubular 
structure 28 provides additional axial rigidity to the pros- 
thesis during handling and insertion of the device into 
the defect. Tubular structure, as used herein, is meant 
to include those structures where the cross sectional 
configuration is tubular in nature. Tubular structure spe- 
cifically includes cylindrical rolls of materials, e.g. mesh- 
es, where the cross section configuration is circular, as 
well as structures where the cross sectional configura- 
tion may be elliptical, triangular, rectangular, etc. The 
tubular structure 28 also improves the radial expanda- 
bility of the prosthesis when it is compressed axially and 
the cylinder collapses, ensuring a solid expansion of the 
prosthesis against and below the tissue or wall structure 
defining the defect. 

[001 3] Suture 22 is passed through the opposing con- 
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ical members 14a, 14b, passing from the apex of one 
through the apex of the other. Suture 22 then is looped 
and returned back through the inner conical members 
14a, 14b in the opposite direction. Looped suture 22 can 
be passed through the tubular structure 28 axially (or 
through the ends of the tubular structure 28, perpendic- 
ular to the axis thereof, as shown by dotted line 22') 
causing it to buckle, or collapse, when looped suture 22 
is constricted during use. In the particular embodiment 
illustrated, both ends of looped suture 22 are passed 
through flat overlay sheet 26. Non-reversing knot 24 is 
tied in looped suture 22 and flat overlay sheet 26 is held 
in proximity to apex 18 of the upper one of the conical 
members 14a, 14b. The dead tail of the knot 24 is 
trimmed to length. The finished prosthesis is subjected 
to sterilization prior to use. 

[0014] The assembled prosthesis of Figure 1 is illus- 
trated in Figure 2. Prosthesis 1 0 may be fabricated from 
any biocompatible medical woven, knitted or non-woven 
textile. In preferred embodiments, the prosthesis is fab- 
ricated from medical grade polypropylene mesh includ- 
ing knitted polypropylene monofilament mesh fabrics 
such as those available from Ethicon, Inc. under the Pro- 
lene trademark, as well as meshes available from 
Ethicon, Inc. under the Vicryl trademark. Other mesh 
materials useful in the invention include those available 
under the Marlex, Dacron, Teflon and Merselene trade- 
marks. Alternatively, the desired effect of forcing tissue 
re-generation under the overlay patch can be accom- 
plished through the selection of biocompatible absorb- 
able materials for use in the fabrication of the expanda- 
ble member. Examples of suitable materials are Vicryl 
and Panacryl sutures, available from Ethicon, Inc, and 
Polysorb suture, available from United States Surgical 
Corporation. Radially-expandable member 12 compris- 
es conical members 14a, 14b fixedly attached one to 
the other proximate respective bases 20. Conical mem- 
bers 14a, 14b are configured to have an initial, non-ex- 
panded, major diameter that is substantially the same 
size or less than the diameter of the defect to be re- 
paired. While the conical members 14a, 14b are (with 
the exception of flange 19) shown in the figure to be 
identical in structure, embodiments in which one is taller 
than the other are contemplated by the invention. The 
conical members 14a, 14b are positioned in opposition 
one to the other and bases 20 are aligned by flange 19. 
Once bases 20 are aligned, conical members 14a, 14b 
are fixedly attached to each other proximate the respec- 
tive bases 20, e.g., in and around flange 19, as more 
fully described below. Bonding of the conical members 
14a, 14b may be accomplished by stitching, gluing, 
welding or any other known form of attachment. Pros- 
thesis 10 includes at least one flat sheet of mesh rolled 
into a tubular structure 28 (Figure 1) and permanently 
located within cavity 30 (Figure 1 ) formed by fixedly at- 
tached conical members 14a, 14b. 
[001 5] Tubular structure 28 may be fabricated from a 
flat sheet of polypropylene mesh that, once rolled into 



cylindrical shape, can been secured about its circumfer- 
ence with suture. Alternatively, tubular structure 28 may 
be formed by rolling a flat sheet of mesh into the cylin- 
drical configuration and welding, stitching or otherwise 

5 bonding the rolled sheet at the ends. Tubular structure 
28 (Figure 1) is disposed inside cavity 30 (Figure 1) 
formed by fixedly attached opposing conical members 
14a, 14b and extends axially from the internal apex 18 
of one to the internal apex 18 of the other. Tubular struc- 

10 ture 28 aids in providing axial rigidity to the prosthesis 
when it is inserted into the defect. 
[0016] As shown in Figures 3 and 4, after hernia sac 
40 has been dissected and/or ligated, prosthesis 10 is 
inserted into fascia defect 43. Once hernia sac 40 is free 

15 from walls 44 of defect 43 in fascia 42, hernia sac 40 is 
pressed back into the abdominal cavity. Apex 18 of the 
lower one of the conical members 14a, 14b is inserted 
into defect 43, causing peritoneum 46 to invert inwards 
into the abdominal cavity. Prosthesis 10 is inserted until 

20 overlay sheet 26 is flush with anterior side 48 of fascia 
42. Free end 23 of suture 22 is pulled while prosthesis 
10 is held in a forward position, i.e., flush with anterior 
side 48 of fascia 42. The tightening of suture 22 causes 
the opposing conical members 14a, 14b to be drawn to- 

25 gether. The compression of the conical members 14a, 
14b causes them to collapse axially onto themselves, 
thus causing the diameter of conical members 1 4a, 1 4b 
to expand radially and pleats 16 to open up or expand 
into a relatively flattened position, i.e., with a greater ma- 

30 jor diameter and a lesser axial length. This same action 
causes tubular structure 28, located within cavity 30, to 
buckle, collapse and expand radially outward. Knot 24 
is pulled until it is fully tightened. 
[001 7] Free end 23 of suture 22 may be provided with 

35 a needle to enable attachment of the prosthesis 10 to 
the surrounding healthy tissue by sewing overlay sheet 
26 into place. Alternatively, free end 23 of suture 22 can 
be trimmed off after final deployment and the overlay 
patch can be attached in place through the use of addi- 

^0 tional sutures, or may remain in a flattened condition in 
the anterior space. 

[001 8] The prosthesis 1 0 is able to accommodate the 
spermatic cord structures since it is pleated. When it is 
expanded, it relies only on the radial expansion force 
45 generated from the compression of the opposing textile 
conical members 14a, 14b to enlarge their diameters, 
as opposed to the use of additional semi-rigid rings or 
other rigid or semi-rigid members. Preferably, prosthe- 
ses of the present invention do not comprise such rigid 
so or semi-rigid devices. This ensures that the device is 
fully compliant to the natural anatomical structures. 
[0019] The final configuration of expanded prosthesis 
10, as seen in Figure 4, both occludes fascia defect 43 
on posterior side 47 and is expanded to fill the inner di- 
ss ameter of defect 43 in wall 44. The expansion of radially 
expandable member 12 on posterior side 47 of defect 
43 prevents peritoneum 46 from entering defect 43. Ad- 
ditionally, this posterior expansion ensures that the re- 
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pair is secure from re-hemiation through the defect, 
since the conical mesh is forced into a relatively flat con- 
dition. As the scar tissue grows into the flattened conical 
layers, it is compressed further in the axial direction by 
scar tissue contraction. With the inclusion of overlay 
patch 26, located on anterior side 48 of defect 43, it is 
virtually impossible for the device to migrate either an- 
teriorly or posteriorly. 

[0020] While radial expansion of the member may be 
effected by means for radially-expanding the member 
as discussed and depicted herein, prostheses that are 
self-expanding, i.e. self-collapsing, when placed in po- 
sition within the fascia defect are included within the 
scope of the present invention. Such devices may be 
constructed such that they will deploy, i.e. collapse axi- 
ally and radially-expand to occlude the defect, when po- 
sitioned within a defect in response to conditions of the 
body surrounding the defect 

[0021 ] Figure 5 shows a simplified diagram of an ex- 
emplary die system for forming the conical member 1 4a 
described above. The conical member 14a with longitu- 
dinal pleats 16 may be thermoformed from a generally 
flat disk of surgical mesh that has been placed over a 
male die element (mandrel) 32 having the same shape 
as the conical member 14a shown in Figures 1-4, i.e., 
a cone featuring a plurality of longitudinal valleys 16' (to 
form the pleats 1 6) and intervening land surfaces 1 T (to 
form the lands 1 7 of the conical member 1 4a). After the 
surgical mesh (14a) has been placed over the outer sur- 
face of the male die element 32, a mating female die 
(clamp) element 33 is urged against the male die ele- 
ment 32 to press the surgical mesh (14a) into the sur- 
face features of the male die element, i.e., the longitu- 
dinal valleys 16* and intervening land surfaces 17', to 
impart the desired three dimensional shape to the mesh 
and to form the conical member 14a. The female die 
element 33 may be formed from a plurality of individual 
blade elements 34, preferably removably or hingedly at- 
tached to a common hub or pivot point and having an 
open configuration (shown in dotted lines) and which 
fold together to a closed configuration to press into the 
longitudinal valleys 16'. The conical member 14a 
clamped by blade elements 34 may then be heated to 
impose a set on the surgical mesh 14a such that it will 
retain the die shape after cooling and removal from the 
die set 32, 34. Any excess mesh 14a may then be 
trimmed off. As an alternative to the blade elements 34, 
the female die element 33 may have a continuous sur- 
face that is complementary to the surface of the male 
die element 32, or may have a plurality of individual ex- 
tensions (not shown) elastically, rather than pivotally 
emanating from a common hub to form a cage structure 
for pressing the surgical mesh 14a into the longitudinal 
valleys 16' to form the longitudinal pleats 16 and to 
stretch the mesh 14a over the land surfaces 17' of the 
die 32. 

[0022] Figures 6 and 7 show an alternative radially ex- 
pandable member 112 formed from conical members 



1 1 4a and 1 1 4b. In contrast to the preceding expandable 
member 12, wherein two substantially identical conical 
members 14 were held in alignment and then secured 
together in opposition at the bases 20 of the cone shape, 
5 i.e. , by gluing, stitching or welding at the flange 1 9, con- 
ical member 1 1 4a is attenuated such that it does not ex- 
tend all the way to base line 120. As before, the conical 
members 1 1 4a, 1 1 4b are self aligning for the purpose of 
assembly. Conical member 114b has a conical portion 

10 115 extending from the apex 118b to a base line 120. 
Base line 120 represents a redirection of the surgical 
mesh and a great diameter of the conical member 114b 
and the expandable member 112 as a whole. A flange 
portion 119 of the conical member 114b extends from 

is the base line 120 and converges toward apex 118a, 
mimicking the shape of the conical portion 115 in re- 
verse or mirror image. Conical member 114a has the 
same shape as conical portion 115 and matingly fits 
within the open end 121 defined by the flange portion 

20 119, i.e. , aligned by respective pleats 1 1 6 and lands 1 1 7. 
Conical member 114a overlaps flange portion 119 as 
shown by dotted line 123, providing an area for gluing 
or welding conical members 114a and 114b. The extent 
of conical members 1 1 4a and 1 1 4b can be varied to pro- 

25 vide greater or lesser overlap. For example, conical 
member 114a could be identical to conical member 
114b, providing a large area of overlap on either side of 
base line 120. Alternatively, conical member 114a can 
have a lesser extent than conical member 114b, as 

30 shown, such that there is a single layer of material 
present at the base line 120, which promotes bending 
at the baseline 120 and radial expansion of the expand- 
able member 112. 

[0023] The manufacture of the radially expandable 

35 member 1 1 2 calls for the formation of the conical mem- 
bers 114a, 11 4b and their subsequent assemblage. Fig- 
ure 8 diagrammatically shows a die system that can be 
employed to form the conical member 114b, which in- 
cludes a male die element 1 32 with conical portion 1 32a 

40 and conical flange portion 132b. A female die element 
133 has a plurality of moveable blade elements 134, 
each having a conical portion 1 34a and a conical flange 
portion 134b for engaging the conical portion 132a and 
conical flange portion 1 32b, respectively, of the male die 

45 element 1 32. Either the conical portion 1 34a and/or the 
conical flange portion 134b of the blade element 134 is 
moveable from an open position (shown in dotted lines) 
to a closed position, either by virtue of hinges or by virtue 
of its being formed separately as a separate die ele- 

50 ment, i.e., the female die 133 may have a plurality of 
components. Alternatively, the female die element 133 
may be in the form of a cage with multiple flexible fingers 
emanating from a common hub for pressing the mesh 
(114b) into the longitudinal valleys 116' of the conic por- 

55 tion 132a and the valleys 116" of the flange portion 
132b. 

[0024] Figure 9 shows a forming station 135 with a 
male die 132 (not visible) captured within the movable 
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blade elements 134 of female die element 133. The 
blade elements 134 may be pivotally secured to the 
base 136 or, as shown, are removably retained in com- 
plementary shaped slots 137 and clamped in a closed 
position by flange 138. The blade elements 134 have a 
relief slot 1 39 for accommodating excess mesh material 
and/or a retention band for clamping the mesh on the 
male die 132. An orientation pin 140 may be utilized to 
position the mesh material in the forming station to 
achieve a selected orientation of the wales, warps, 
wefts, etc, promoting distortion-free forming of the ma- 
terial as the blade elements 134 are urged into position 
clamping the material against the male die 1 32. Optimal 
forming may require a particular sequential order of 
clamping the blade elements 134, depending upon the 
material, e.g., 114b used. 

[0025] While the surgical mesh used to form the con- 
ical member 114a may be cut or otherwise formed in 
any selected two dimensional shape, a disk shape may 
be used to illustrate the relationship between the re- 
spective surface areas of the surgical mesh material 
114b and the male die element 132. More specifically, 
for a male die element 132 having a conical portion 1 32a 
with a given altitude A and base B, the surface area 
thereof has two components, viz., that attributable to the 
surface area of the lands 117' and that attributable to 
the surface area of the longitudinal valleys 116*. Since 
the width of the valleys 116' of the die 132 directly de- 
creases the land 117' area of the die 132, the total sur- 
face area may be controlled by varying the depth and 
shape of the longitudinal valleys 116', which can be se- 
lected to "use" a desired amount of the surface area of 
the surgical mesh 114b. Similarly, the longitudinal val- 
leys 116° in the conical flange portion 132b of the male 
die element 132 may have a selected depth, shape etc. 
such that the surface area of the flange portion 132b 
may be altered by varying these dimensions. The valley 
1 1 6' dimensions for the conical portion 1 32a may be dif- 
ferent than the valley 116" dimensions of the conical 
flange portion 132b. Alternatively, the valley 116', 
116" dimensions may be consistent and symmetrical. 
[0026] The foregoing observations concerning the 
surface areas of the conical portion 132a and conical 
flange portion 132b are noteworthy in that a given disk- 
shaped sample of surgical mesh has a surface area that 
increases radially in accordance with the relationship 
(nr 2 ). The surface of a cone increases from the apex 1 1 8 
to the base 1 20 in accordance with the relationship rcrs; 
where s=(r 2 +b 2 )^. As a consequence, the area of the 
material disk increases along its radius, as does the ar- 
ea of the conic portion 132a from the apex to the base. 
Any mismatch of surface areas must be accounted for 
by stretching the mesh. The flange portion 132b of the 
male die element 132 exhibits a departure from the sur- 
face area of the material disk, in that while the converg- 
ing flange portion 132b of the die 132 increases the total 
surface area, it does so at a decreasing rate (due to its 
convergence) at the same time that surface area of the 



mesh 114b increases by the square of the radius. Ac- 
cordingly, after the surgical mesh material extends be- 
yond the great diameter of the male die 1 32 (at base B) 
and starts to cover the converging conical flange portion 
5 132b of the die 132, an excess of mesh material must 
be accounted for in order to bring the mesh into con- 
formance with the die 132 shape. 
[0027] In accordance with a first approach, the die 1 32 
is formed with a valley 116" number (frequency) and 
"> depth (magnitude) such that the surface area of the 
mesh material 114b matches that of the flange 132b but 
is less than that required to cover the surface area of 
the conical portion 132a (including the surface area of 
the valleys 1 1 6') proximate to the great diameter at base 
15 B without stretching. In accordance with this method, the 
surgical mesh material 1 1 4b is wrapped over the male 
die element 132 covering both the conical portion 132a 
and the conical flange portion 132b of the die 132. The 
female die element 133 is then clamped over the male 
die element 132 forcing the mesh material 114b into the 
valleys 116', 116" provided in the male die element 132. 
Because the surface area of the material 11 4b is less 
than that of the die 132, the material 114b will be 
stretched thinner in the areas where the surface areas 
of the material 114b and the die 132 do not match. This 
results in the mesh 1 1 4b being thinner and more porous 
in those areas where it is stretched, primarily in the area 
of the great diameter proximate base B. This thinning in 
the area of the base B of the conical portion 132a en- 
hances the hinge effect present at baseline 120 of the 
expandable member 112, promoting the expansion of 
the expandable member 112. 
[0028] Once the mesh has been conformed to the sur- 
faces of the complementary die elements 132, 133, the 
mesh is heated, e.g., by convection, radiation and/or 
conduction through the die elements 132, 133. Heating 
relieves the stress in the highly oriented, drawn fibers of 
the surgical mesh 114b allowing the mesh to perma- 
nently set in the shape imposed upon it by the dies 132, 
133. The female die 133 can then be removed and the 
mesh cooled prior to removal from the male die 132. In 
using the foregoing technique, the mesh 114b must be 
securely held against the male die element 132 to pre- 
vent it from creeping along the surface of die 132 prior 
to its being clamped tightly by the female die element 
1 33. The same process may be undertaken to form con- 
ical member 114a. If the extent of 114a is chosen such 
that no flange 119 is present (as shown in FIG. 7) the 
foregoing considerations concerning matching the re- 
spective surface areas of the mesh 114a and the male 
die 132 are simplified. 

[0029] An alternative approach for forming conical 
member 114b is to use a male die 132 with a surface 
area less than that of the surgical mesh 114b, in partic- 
ular, in the area of the flange portion 1 32b of the die 1 32. 
The mesh 114b is clamped to the male die element 132 
such that there is an excess of mesh material 114b dis- 
tributed in the valleys 116', 116" of the die 132. The 
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mesh 114b is then heated by convection to an elevated 
temperature, causing the fibers of the mesh 114b to 
stress relieve and to shrink. The shrinkage of the mesh 
1 1 4b causes the surface area of the mesh to be reduced 
through a localized reduction in porosity in the conical 
flange portion 119. This method does not involve the 
same forces that induce the slippage of mesh on the 
face of the male die 1 32 and eliminates the excess mesh 
material that might otherwise result in irregularities in 
the finished conical element 114b, such as everted 
pleats. 

[0030] As can be appreciated from FIGS. 6 and 7, the 
finished conical elements 114a and 114b nest together 
in natural alignment due to the alignment of the pleats 

116 and lands 117. Having thus been aligned, the over* 
lap between 114a and 114b can be joined by a variety 
of conventional means including adhesives or welding. 
One advantageous method includes utilizing a plurality 
of metal pins 141 (see FIG. 6) to form a backing cage 
for the overlap area of 114a and 114b during exposure 
to ultrasonic welding. While only one pin 141 is shown, 
it should be appreciated that a series of pins 141 would 
be used to provide multiple ultrasonic welds around the 
circumference of the expandable element 112. 
[0031] As yet another approach to forming the ex- 
pandible element 112, internal stiffening ribs can be 
formed within the pleats 116 through the controlled ap- 
plication of heat and clamping the mesh in the dies 1 32, 
133, viz., by differential shrinkage of the mesh to form 
stiffening ribs. More specifically, a mesh disk is provided 
having a greater surface area than that of the male die 
132, i.e., if the mesh 11 4b were pressed against the sur- 
face of the male die 132 (including the lands 117', 
11 7" and valleys 116', 116") there would be excess 
mesh 114b, particularly in the flange area 132b of the 
die 132. The mesh 114b is applied over a cold male die 
element 132. A female die 133 having independently 
moveable blade elements 134 for abutting against the 
land areas 1 1 7'. 1 1 7" of the male die 1 32 and independ- 
ently moveable portions for abutting against the valleys 
116\ 116" in the male die 132 is applied over the mesh 
114b to clamp the land areas 117 only. This leaves the 
pleats 116 free to assume any position relative to the 
valley areas 116', 116" of the male die 132. In practice, 
the undamped pleats 1 1 6 tend to bulge out from the sur- 
face of the male die 1 32. The undamped pleats 1 1 6 are 
subject to heating to a point that the exposed mesh un- 
dergoes shrinkage. The die itself is cool and the lands 

1 1 7 of the mesh that are clamped in the die are shielded 
from heating. The heating may be done by convection, 
radiation (heat lamp) or other conventional methods. 
While the mesh 114b is still hot, the moveable portions 
of the female die 133 that correspond to the pleats 116, 
i.e., that insert into the valleys 116', 116" of the male die 
1 32, are applied to the mesh 1 1 4b to clamp the exposed 
hot pleats 1 1 6 into the valleys 1 1 6', 1 1 6" of the male die 
132. The female die 133 is dimensioned relative to the 
male die 132 to produce a selected thickness for the 



mesh material in each area, i.e., in the land areas 117 
and the pleat areas 116. The heat source is removed 
and the mesh 114b is allowed to cool while damped in 
the die to retain its set shape. Because the pleats 116 

5 were exposed to heating and experienced shrinkage, 
the density of the pleats 116 is greater (lower porosity) 
than the lands 117. When conical elements 114a, 114b 
formed in this manner are mounted together in opposi- 
tion, as explained above, the high density regions of the 

10 mesh, i.e., the pleats 116, act as stiffening ribs. When 
the radially expandable member 112 is axially col- 
lapsed, the higher density and more rigid pleats 116 re- 
sist bending and force the lands 1 1 7 apart to deploy the 
radially expandable member 112. The same concept for 

15 forming stiffened, higher density regions in the conical 
members 114a, 114b described above can be generally 
applied to surgical mesh to form mesh products with se- 
lected stiffened regions. More particularly, by clamping 
certain regions of the mesh in a cold die with other slack 

20 portions subject to heating and shrinkage, zones of 
higher density/greater rigidity of any devised shape or 
distribution can be formed. 

[0032] Referring to Figure 1 0, prosthesis 1 1 0 includes 
overlay patch 126 slidably attached to radially-expand- 

25 able member 112. As shown, filament 150 is passed 
through looped suture 122 and affixed at its terminal 
ends to overlay patch 126. When radially expandable 
member 112 is placed in the defect, overlay patch 126 
may be maneuvered to one side to effect attachment to 

so fascia 142. 

[0033] Figure 11 shows a prosthesis 210 having an 
overlay patch 226 slidably attached to a radially expand- 
able member 212 by an elongated filament 250. The ra- 
dially expandable element 212 has conical portion 214b 

35 with a flange (shown by dotted line 223) that is covered 
by conical portion 214a, which extends to baseline 220. 
As in the previous embodiment, the filament 250 is 
joined to the overlay patch 226 at two spaced points 252, 
254, e.g., by tying, plastic welding or by being restrained 

40 from pulling through the overlay patch 226 material by 
knots or enlarged ends that exceed the size of the pores 
of the material of the overlay patch 226. Intermediate 
the points of connection 252, 254, the filament 250 ex- 
tends substantially parallel to the overlay patch 226. 

45 While a single filament 250 is shown, a plurality of par- 
allel filaments 250 may be utilized. The radially expand- 
able member 21 2 is moveable along the filament(s) 250 
defining a motion "track" relative to the overlay patch 
226. 

50 [0034] Because the expandable member 21 2 is slid- 
able on the filament 250, the expandable member 212 
may be positioned relative to the overlay patch 226 to 
maximally conform to the anatomy of the patient and the 
surgical repair encountered, as shown in Figure 12. 

55 More particularly, the expandable member 212 may be 
inserted into the facia void and then the position of the 
overlay patch 226 may be adjusted to coincide with the 
position of maximally effective surgical attachment, viz., 
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to be amenable to attaching the overlay patch 226 to 
healthy tissue, to bridge over weak, unhealthy tissue, 
and also to conform to the patients' local anatomical 
shape. The overlay patch 226 may have any desired 
shape, such as a keyhole, oval, circular or rectangular 
shape. 

[0035] It will be understood that the embodiments de- 
scribed herein are merely exemplary and that a person 
skilled in the art may make many variations and modifi- 
cations without departing from the spirit and scope of 
the invention. All such variations and modifications are 
intended to be included within the scope of the invention 
as defined in the appended claims. 



Claims 

1 . A hernia repair prosthesis, comprising: 

an occlusive member for aiding in the occlu- 
sion of a defect in fascia tissue, said occlusive mem- 
ber being convertible from a first configuration with 
a first axial length and first major radial extent to a 
second configuration with a second axial length and 
a second major radial extent, said second axial 
length being less than said first axial length and said 
second major radial extent being larger than said 
first major radial extent, said occlusive member 
having a pair of subsections each having an apex 
and each flaring outwardly therefrom towards a ter- 
minal end, said apexes being disposed at opposite 
ends of said occlusive member with said terminal 
ends overlapping, said pair of subsections con- 
joined proximate said overlapping terminal ends. 

2. The prosthesis of Claim 1 , wherein a first of said 
pair of subsections has an inwardly converging 
flange disposed at said terminal end thereof. 

3. The prosthesis of Claim 2, wherein said pair of sub- 
sections are pleated, generally cone-shaped mem- 
bers with a plurality of pleats and a plurality of lands 
therebetween, said flange of said first subsection 
extending from a geometric base of said first sub- 
section in a direction generally parallel to the sur- 
face of said second subsection and extending to- 
ward the apex of said second subsection. 

4. The prosthesis of Claim 3, wherein said occlusive 
member is generally radially symmetric. 

5. The prosthesis of Claim 4, wherein said geometric 
base of said first subsection is the approximate ge- 
ometric base of said second subsection and said 
occlusive member is generally symmetric about a 
plane passing through said geometric base of said 
first subsection. 

6. The prosthesis of Claim 3, wherein each of said 



lands and pleats of said first subsection and said 
lands and pleats of said second subsection align 
and nest relative to each other at said overlapping 
terminal ends. 

5 

7. The prosthesis of Claim 6, wherein said flange of 
said first subsection overlays said second subsec- 
tion. 

10 8. The prosthesis of Claim 6, wherein said second 
subsection overlays said flange of said first subsec- 
tion. 

9. The prosthesis of Claim 3, wherein said occlusive 
is member is formed from a surgical fabric. 

10. The prosthesis of Claim 9, wherein said fabric is 
less dense at said geometric base than said fabric 
not at said geometric base. 

20 

1 1 . The prosthesis of Claim 9, wherein at least a portion 
of said fabric of said flange is more dense than said 
fabric not of said flange. 

25 1 2. The prosthesis of Claim 9, wherein at least a portion 
of said fabric forming said pleats is more dense than 
said fabric forming said lands. 

13. The prosthesis of Claim 3, further including a suture 
30 loop extending between said apexes of said first 
and second subsections, said loop being reducible 
in size to convert said occlusive member from said 
first configuration to said second configuration. 

35 14. The prosthesis of Claim 13, further including an 
overlay sheet surgically attachable to a first side of 
the fascia tissue, said overlay sheet being attached 
to said occlusive member. 

40 15. The prosthesis of Claim 14, wherein said overlay 
sheet is attached to said occlusive member via a 
filament extending from a first point of attachment 
to said overlay sheet to a second point of attach- 
ment, said filament extending substantially parallel 
45 to said overlay sheet between said first and second 
points of attachment, said occlusive member slida- 
bly attached to said filament to permit said occlusive 
member to assume a selected position relative to 
said overlay sheet between said first and second 
50 points of attachment. 

16. A method for forming a hernia prosthesis having an 
occlusive member with a pair of subsections, each 
having an apex and each flaring outwardly there- 
55 from towards a terminal end, the apexes being dis- 
posed at opposite ends of the occlusive member 
with the terminal ends overlapping, a first of said 
pair of subsections having an inwardly converging 



20 



45 



8 



15 



EP 1 275 351 A2 



16 



17. 



flange disposed at said terminal end thereof and 
with the pair of subsections conjoined proximate the 
overlapping terminal ends, comprising the steps of: 

(A) providing a male die in the form of a pair of 
opposed cones, with the first cone being a com- 
plete cone and the second being truncated be- 
tween the apex and the geometric base thereof, 
the first and second cones being joined at their 
respective geometric bases and having valleys 
inscribed into the surface thereof; 

(B) providing a female die with means for 
clamping an interposed surgical fabric against 
the male die of step (A); 

(C) at least partially covering the male die with 
a surgical fabric; 

(0) placing the female die over the surgical fab- 
ric and the male die; 

(E) applying heat to the surgical fabric to ther- 
moset the surgical fabric into the shape im- 
posed by the mating male and female dies to 
form the first subsection; 

(F) repeating steps (C) through (E) to form the 
second subsection; 

(G) holding the first subsection and second 
subsection in relative alignment with the termi- 
nal ends overlapping; and 

(H) bonding the first and second subsections at 
their overlapping ends. 

The method of Claim 1 6, wherein said surgical fab- 
ric has a smaller surface area than the male die and 
wherein said step of placing in step (D) includes 
stretching the mesh fabric over the surface area of 
the male die. 



viding backing surfaces to conduct ultrasonic weld- 
ing and subjecting the occlusive member to ultra- 
sonic waves proximate the overlapping ends. 
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18. The method of Claim 16, wherein said surgical fab- 
ric has a greater surface area than at least a portion 
of said male die and further including the step of 
applying heat to said surgical fabric to shrink the 
surgical fabric prior to said step (D) of placing. 

19. The method of Claim 16, wherein said surgical fab- 
ric has a surface area different than said male die 
and further including the steps of placing a portion 
of the female die over the male die and the surgical 
fabric, covering a portion of the surgical fabric, then 
exposing the uncovered portion of the surgical fab- 
ric to heat to shrink the uncovered portion, followed 
by placing the remainder of the female die over the 
male die and the surgical fabric, the remainder of 
the female die pressing the previously uncovered 
portion of the fabric into the valleys of the male die. 

20. The method of Claim 16, wherein said step (H) of 
bonding includes threading a plurality of pins 
through the surgical fabric proximate the overlap- 
ping ends of the first and second subsections pro- 
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(54) Hernia repair prosthesis and methods for making same 



(57) A hernia repair prosthesis (10) with an occlu- 
sive member for inserting into and/or backing the herni- 
ated tissue. The occlusive member is convertible from 
a first configuration with a first axial length and first major 
radial extent to a second configuration with a second 
axial length and a second major radial extent. The sec- 
ond axial length is less than the first axial length and the 
second major radial extent is larger than the first major 
radial extent. The occlusive member has a pair of sub- 
sections, each having an apex (18), lands (17) and 
pleats (16) and each flaring outwardly therefrom to- 
wards a terminal end. The apexes (18) are disposed at 
opposite ends of the occlusive member with the terminal 
ends overlapping. The pair of subsections are conjoined 
proximate the overlapping terminal ends. The terminal 
end of one or both of the subsections may be in the form 
of a conic flange (19) mimicking the lands (17) and 
pleats (16) of the other subsection providing automatic 
alignment and nesting to aid in the attachment of the 
two subsections. In accordance with methods for form- 
ing the subsections, a surgical fabric is thermoset on a 
male die and may be stretched or heat shrunk to aid in 
conforming the surgical fabric to the contours of the 
male die. The subsections may be joined by ultrasound. 




FIG. 1 



Q. 
LU 



Printed by Jouve. 75001 PARIS (FR) 



EP 1 275 351 A3 
EUROPEAN SEARCH REPORT 



Application Kumbor 

EP 02 25 4535 



DOCUMENTS CONSIDERED TO BE RELEVANT 




Category 


Citation of document with indication, where appropriate, 
of relevant passages 


Relevant 
to claim 


CLASSIFICATION OF THE 
APPLICATION (IntCLT) 


A 
A 

i 
| 

1 


EP 1 145 693 A (ETHICON INC) 
17 October 2001 (2001-10-17) 

* claims; figures * 

EP 0 898 944 A (ETHICON INC) 
3 March 1999 (1999-03-03) 
|* paragraph [0041]; claims; figures * 

US 5 797 960 A (REITZ BRUCE A ET AL) 
25 August 1998 (1998-08-25) 

* column 18, line 51 - column 21, line 17 
* 

* claims; figures 9-18 * 

i 
i 
i 


1-15 

1,16-20 

1 

i 


A61F2/00 


TECHNICAL FIELDS 
SEARCHED (tnLCJ.7) 


A61F 


The present search report has been drawn up tor all claims 


Place or March Oalo ot comdstion ol tho search Examrw 

BERLIN 28 November 2902 Kuehne, H-C 


CATEGORY OF CITED DOCUMENTS T : theory or principle undertying the invention 
, J , E readier patent document but puWrshed on, or 
X : particularly relevant rf taken alone after the fling datB 
Y : particularly relevant if combined with another 0 : document cited in the application 
document of the same category L : document cried for other reasons 
A : technological background 

O : non-written dbctosure 4 : member of trie same patent family, corresponding 
P: intermediate document document 



2 



EP 1 275 351 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 02 25 4535 



This annex Bsts the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP We on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

28-11-2092 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



EP 1145693 


A 


17-10-2001 


US 


6425924 Bl 


30-07-2002 








CA 


2342640 Al 


30-09-2001 








EP 


1145693 A2 


17-10-2001 








JP 


2001309933 A 


06-11-2001 








US 


2002147457 Al 


10-10-2002 








US 


2001027347 Al 


04-10-2001 


EP 0898944 


A 


03-O3-1999 


US 


6241768 Bl 


05-06-2001 








EP 


0898944 A2 


03-03-1999 








JP 


11146888 A 


02-06-1999 


US 5797960 


A 


25-08-1998 


US 


5571215 A 


05-11-1996 








US 


5452733 A 


26-09-1995 








AU 


5308996 A 


07-11-1996 








CA 


2218545 Al 


24-10-1996 








EP 


0822777 Al 


11-02-1998 








JP 


11503646 T 


30-03-1999 








WO 


9632882 Al 


24-10-1996 








US 


2002096183 Al 


25-07-2002 








US 


2002100485 Al 


01-08-2002 








US 


6401720 Bl 


11-06-2002 








US 


6079414 A 


27-06-2000 








US 


5855614 A 


05-01-1999 








US 


5823956 A 


20-10-1998 








US 


5829447 A 


03-11-1998 








us 


6346074 Bl 


12-02-2002 








us 


6161543 A 


19-12-2000 








us 


5924424 A 


20-07-1999 








AU 


702940 B2 


11-03-1999 








AU 


1099595 A 


27-06-1995 








CA 


2177490 Al 


15-06-1995 








EP 


0732890 Al 


25-09-1996 








JP 


9509585 T 


30-09-1997 








US 


2002062065 Al 


23-05-2002 








us 


2002068855 Al 


06-06-2002 








us 


2002062066 Al 


23-05-2002 








WO 


9515715 Al 


15-06-1995 








us 


6283127 Bl 


04-09-2001 








us 


5613937 A 


25-03-1997 








us 


6451054 Bl 


17-09-2002 








us 


5713951 A 


03-02-1998 








us 


5728151 A 


17-03-1998 








us 


5718725 A 


17-02-1998 








us 


5682906 A 


04-11-1997 








us 


5766151 A 


16-06-1998 








us 


6010531 A 


04-01-2000 



i For more details about this annex : see Official Journal of the European Patent Office, No. 1 2/82 



3 



EP 1 275 351 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 02 25 4535 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

28-11-2002 



Patent document 
cited in search report 



Publication 
date 



Patent family 
members) 



Publication 
date 



us 


6029671 


A 


29-02-2000 


us 


6125852 


A 


03-10-2000 


us 


5814016 


A 


29-09-1998 


us 


5980455 


A 


09-11-1999 


us 


5972030 


A 


26-10-1999 


us 


2002029783 


Al 


14-03-2002 


AU 


688303 


82 


12-03-1998 


AU 


6024594 


A 


14-09-1994 


CA 


2154354 


Al 


01-09-1994 


EP 


0684781 


Al 


06-12-1995 


JP 


8511694 


T 


10-12-1996 


WO 


9418881 


Al 


01-09-1994 


US 


5425705 


A 


20-06-1995 


US 


5569274 


A 


29-10-1996 


US 


5735290 


A 


07-04-1998 



US 5797960 



p 

tu For more details about this annex : see Official Journal of the European Patent Oflice, No. 1 2/82 



4 



This Page is inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the 
original documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

BLACK BORDERS 
$ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
j8 FADED TEXT OR DRAWING 

□ BLURED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED /SLANTED IMAGES 

ft COLORED OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT ' 

□ REPERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning documents will not correct images 
problems checked, please do not report the 
problems to the IFW Image Problem Mailbox 



